Abstract Increasing population and high cost of fuels have created opportunities for using alternate energies for post-harvest processing of foods. Solar food processing is an emerging technology that provides good quality foods at low or no additional fuel costs. A number of solar dryers, collectors and concentrators are currently being used for various steps in food processing and value addition. Society for Energy, Environment and Development (SEED) developed Solar Cabinet Dryer with forced circulation which has been used for dehydration and development of value added products from locally grown fruits, vegetables, leafy greens and forest produce. Drying under simulated shade conditions using UV-reducing Blue filter helps retain nutrients better. Its simple design and ease of handling makes SEED Solar Dryer an ideal choice for application of food processing in rural settings, closer to where the harvest is produced, eliminating the need for expensive transportation or storage of fresh produce. It also creates employment opportunities among the rural population, especially women. Other gadgets based on solar collectors and concentrators currently being used at various steps of food processing are reviewed.
Introduction
Dehydration is one of the most important steps for preservation and value addition of food products through moisture control. Conduction, convection and radiation are the basic techniques by which water is forced to vapourise and the resulting vapour is removed either naturally or by force resulting in dehydration. Conventional convective drying is used for drying fruits and vegetables (Nijhuis et al. 1998) . However, this process also brings in some important changes in physical and chemical properties such as loss of color (Chua et al. 2000) , and change of texture, flavour and loss of nutrients (Mayor and Sereno 2004) . While high temperature used during the processing are responsible for the alterations, lowering temperature increases the time of dehydration therefore increase in cost. Since fresh fruits and vegetables contain over 80 % moisture, the process of dehydration to a desirable lower moisture content such as 5-10 % (Eg. 75 kg of water from a 100 kg sample) is very energy-consuming. The process of dehydration alone contributes up to 30 % of the total cost of processing of most fresh produce. Thus, the cost of dehydration and energy consumption and quality of dried products play very important role in choosing an appropriate drying process.
The process of drying in the Solar Dryer is facilitated by circulation of hot air, the spreading density of the product, the nature of pretreatment as well as the nature of the product to be dried itself. The time taken for drying is also determined by the factors such as the initial moisture content and the desired final % moisture of the product. For example, it may take 4 h to bring moisture level from an initial 4 to 0 % final in a single 50 kg load of refined wheat flour that is used in Instant Gulabjamun Mixes where as 6 h are needed to reduce moisture level from an initial of 63 % to 4 % final level from a 4 kg load of curry leaves. Solar food processing brings in two emerging technologies together to solve the two major problems the world facing in 21st century, namely: how to generate energy enough for an expanding global population? and how to feed the constantly expanding world population? This has a different connotation with respect to developing countries. Growing population and unequal wealth distribution in these countries has created a section of the society being left behind and chronically poor. Lack of reliable and affordable energy sources in these parts only complicates the matter. This situation also demands search for faster, cheaper and safer methods by which food can be conserved and distributed to the poorer, usually rural populations, especially women and children. In the face of such great demand for food to feed people, it is sad to note that 30-40 % of food goes waste in India every year for lack of a systematic post-harvest processing and preservation. The food processing industry in India accounts for only 2.2 % of the total.
The International Energy Agency in its 2011 Solar Energy Perspectives: Executive Summary (SEP 2011) states that "Solar energy offers a clean, climate-friendly, very abundant and inexhaustible energy resource to mankind, relatively well-spread over the globe. Its availability is greater in warm and sunny countries-those countries that will experience most of the world's population and economic growth over the next decades. They will likely contain about 7 billion inhabitants by 2050 versus 2 billion in cold and temperate countries (including most of Europe, Russia, and parts of China and the United States of America)". Thus there is an urgency in addressing the twin problems of energy and hunger facing world in this century.
The present review tries to summarize some of the solar technologies available for food processing where solar energy can and is playing a key role, possible strengths and drawbacks in the current practices and put-in some suggestions for moving forward.
Recent studies indicate that while post-consumer food waste accounts for the greatest overall losses among affluent economies, food wastes are much higher at the immediate post-harvest stages in developing countries and wastage of perishable foods is higher across industrialized and developing economies alike. Food losses at various processing steps are quantified and presented in Table 1 along a generic food supply chain (Parfitt et al. 2010) .
Open sun drying is one of the oldest methods and traditionally practiced for preserving many vegetables, fruits and marine products all over the world. Dehydrated foods have higher shelf life, making them available throughout the year, even in off season. Because of their relatively low weight Table 1 Food waste within food supply chains: Quantification and potential for change to 2050
S Nr

Stage
Food waste/loss characteristics 1 Harvesting-handling at harvest Edible crops left in field, ploughed into soil, eaten by birds, rodents, timing of harvest not optimal: loss in food quality Crop damaged during harvesting/poor harvesting technique 2 Threshing Loss through poor technique Out-grades at farm to improve quality of produce 3 Drying-transport and distribution Poor transport infrastructure, loss owing to spoiling/bruising 4 Storage Pests, disease, spillage, contamination, natural drying out of food 5 Primary processing-cleaning classification, de-hulling, pounding, grinding, packaging, soaking, winnowing, drying, sieving, milling Process losses Contamination in process causing loss of quality 6 Secondary processing-mixing, cooking, frying moulding, cutting, extrusion 7 Product evaluation-quality control: standard recipes Product discarded/out-grades in supply chain Packaging-weighing, labeling, sealing Inappropriate packaging damages produce Grain spillage from sacks Attack by rodents 9 Marketing-publicity, selling, distribution Damage during transport: spoilage Poor handling in wet market 10 Post-consumer-recipes elaboration: traditional dishes, new dishes product evaluation, consumer education, discards
Losses caused by lack of cooling/cold storage Plate scrapings Poor storage/stock management in homes: discarded before serving Poor food preparation technique: edible food discarded with inedible Food discarded in packaging: confusion over '‗best before and ‗use by' dates 11 End of life-disposal of food waste/loss at different stages of supply chain Food waste discarded may be separately treated, fed to livestock/poultry, mixed with other wastes and land filled Source: Parfitt et al. (2010) and low volume, the dehydrated products are easy to store as well as transport across distances. The modern food processing technology in general benefited vastly from the advances made in preparing food for human space voyages as well as for military use. Therefore it is not surprising that the dehydrated foods can easily meet the needs of defense establishments as well as outdoor lovers such as campers, expeditioners and mountaineers. The dehydrated products can be used in various preparations as in cooking, baking and pickling. However, traditional open air sun drying of vegetables, fruits and fishes is time consuming and less hygienic. Mechanized drying has pretty much replaced the open air sun drying in most of the industrialized countries. Even though the modern mechanized drying is faster than open-air drying and uses much less land, the equipment cost as well as the continued recurring cost of fuel to operate these systems is very high. Table 2 summarizes various drying methods used in food processing and relative benefits of each. With oil supply ever volatile and uncertain because of constantly changing geo-political scenario and the supply and cost of electricity very undependable especially in rural areas of developing countries such as India, solar drying can be a good alternative option for food processing.
The post-harvest food processing industry is fragmented in most developing countries including India. The Indian Ministry of Food Processing Industry in its 2003-04 annual Report indicates over 40 % of the sector as unorganized ( Fig. 1 ) with 33 % classified as small scale and only 25 % organized (MoFPI 2004) .
India is blessed with climatic conditions ranging from high alpine to subtropical and tropical. A whole range of crops can therefore be and are grown across the country, fully capable of feeding its population, provided there is proper infrastructure in place for the harvest so produced to be transported and conserved from spoilage. It also means that India is ideally suited for harnessing solar energy to meet its energy needs. The daily average solar energy incidence across the country varies from 4 to 7 kWh/m 2 , and in general there are 250 to 300 days of sunshine per year in most parts of the country. Solar dryers can be utilized for 250-300 days a year in most southern parts of the country.
Even though there is a gradient in the radiation received through various parts of the country, India is divided broadly into five zones for practical purposes: Eastern Zone (3.5-4.0 kwh/m 2 ); Himalayan Zone(4.0-4.6 kwh/m 2 ); Northern Zone (4.6-5.2 kwh/m 2 ); Southern-Middle Zone(5.2-5.8 kwh/m 2 ); and Western Zone (5.8-8.3 kwh/m 2 ) (Fig. 2 ). While solar energy is an obvious choice because it is pristine, abundant, (Eg. 1 h of sunshine, if harnessed properly, can sustain the whole globe for a year) renewable and no carbon foot print but it is diffuse as it reaches the Earth, • This may be offset by using cheaper fuels like burning rice husk (Eg. One ton of rice gives 200 kg of husks) or fire wood but these are not environmentally friendly alternatives
• Finally, control over drying rates is possible. But:
• But large space may not be an issue
• Higher initial cost
• Unprotected from dust, animals, insects etc. unhygienic
• Drying only during the day i.e. discontinuous to put in a very simplistic way, and therefore needs a concentrating step. Therefore, the time has come to revisit the role of solar energy in economies at large and rural economy through food processing in particular for improving the standard of living of the hither-to neglected sections of the society. Effort will be made in the following pages to discuss briefly the various solar gadgets that are currently being used in food processing. Finally, this article will emphasize on SEED developed Solar Cabinet Dryer and its application in Post-Harvest food processing.
Solar collectors, concentrators and dryers in food processing
Solar energy is harnessed for thermal energy through a process of collection. The solar thermal collectors are classified as low, medium or high as per the US Energy Information Administration. Low-temperature and mediumtemperature collectors are usually flat plates. The mediumtemperature collectors are used for heating water or air for residential and commercial use while the low-temperature collectors are used for space heaters or swimming pools etc. High-temperature collectors concentrate sunlight using mirrors and lenses and are generally used for electric power production as well as for providing industrial process heating. The four most common forms of Concentrated (or concentrating) Solar Power (CSP) technologies are parabolic trough, dish stirling which is a variation of parabolic trough where the dish is coupled with a Stirling engine, Fresnel reflectors and solar power towers. Different types of concentrators produce different peak temperatures and correspondingly varying thermodynamic efficiencies, due to differences in the way they track the sun and focus light. New innovations in CSP technologies are making systems to become more and more cost-effective and are being applied effectively in food processing as well.
The most common non-concentrating collectors such as flat plate collectors consist of (1) a dark flat-plate solar energy absorber, (2) a transparent cover that allows solar energy to pass through but reduces heat losses, (3) a heattransport fluid (air, antifreeze or water) to remove heat from the absorber, and (4) a heat insulating backing. The concentrating Solar Collectors include Parabolic troughs, dishes and towers. The solar concentrators have been noted to perform far below their theoretical maximum concentration. For example, the parabolic trough concentration is about 1/3 of the theoretical maximum for the same accepting angle (Winston et al. 2005 , Chaves 2008 ).
Much research is going on in improving these systems which is beyond the scope of this article except to mention cases where the collector/concentrator systems have been used in post-harvest food processing with success. The list is by no means complete. Most of the systems described below are indirect solar processing methods where in the product is not directly exposed to solar radiation but is processed through hot air/other fluid that has been heated in a separate chamber by Sun radiation. The hot air/fluid is forced into the product chamber using blowers which usually run on conventional energy sources such as electricity or other fossil fuels. Planters Energy Network (PEN), based in Theni, Tamilnadu, a leader in this technology uses flat plate solar collectors having a blackened solar heat absorber that has a 4 mm thick tempered glass as transparent cover with insulation on its lower side with mineral wool. Air is heated in the space between the cover and the absorber, where it has been forced in. PEN solar collector is installed on existing buildings, on the south-facing roofs of factories, keeping the roof as a base for the collector. Collectors are also installed on the ground where the roof is not ideally oriented. An appropriate capacity blower draws hot air from the panel into an insulated duct, from which it is distributed to the points of use (Palaniappan 2009 ). Success has been reported with above described solar collectors for more than 45 projects covering drying of a wide spectrum of products both in agro industry and also in other processing industries including tea, spices, herbal and fish drying. Improved efficiency up to 50 % has been reported in more recent trials. ii. Double Pass Solar Collector backed Solar Drying System for Seaweed drying A solar dryer system has been constructed which consists of double-pass solar collector with finned absorber, the blower, the auxiliary heater and the drying chamber suitable for agricultural and marine products. The collector, drying system and pick-up efficiencies are found to be 35, 27 and 95 %, respectively. This system was developed specially for the drying of seaweed. Open sun drying of seaweed takes 10-14 days to obtain 10 % of final moisture level from 90 % original moisture content. With the solar dryer it is reduced to 15 h. (Fudholi et al. 2011) .
iii. Collectors and Concentrators for Cooking and Baking
Scheffler concentrator of 10 m 2 was successfully tested for bakery application. One concentrator could bake 180 loaves of 200 g each in a day in the month of March. Quality of bread was excellent with uniform puffiness and color (Chandak et al. 2006 ). iv. Solar Concentrator Application In Dairy-Milk Pasteurization ARUN™ is a Solar Concentrator System-Fresnel Paraboloid Concentrating Solar Collector System (Fig. 3) , providing medium range temperatures for industrial thermal applications. The dish and support structure are made up of mild steel fitted with flat mirror reflectors that are at pre-calculated inclined angle. They reflect and concentrate the solar beam radiation at its focus having about 500 mm diameter area and generate high temperature heat energy. It is absorbed by hat-shaped downward facing cavity receiver designed for minimum thermal loss. An insulated pipeline (Fluids used are Water-steam or thermic fluid or air) delivers this heat-energy to 'user'. A temperature of 200°C can be attained by the system fluid outlet. The dish always faces the sun automatically which is made possible by a microprocessor based electronic control circuit (Kedare 2006) . The current capacity for this solar system is about 20,000 to 30,000 l of milk daily resulting in savings of 80 to 100 l of furnace oil (Kedare et al. 2010) . v. Solar Concentrators for Medicinal/herbal Plant Processing Parabolic dish concentrators are used for boiling herbs and preparation of syrups (kadhas) used in Indian Traditional "Ayurvedic" medicines. The product prepared by solar concentrator was found to be more potent than the one prepared on cooking gas (Chandak et al. 2006) . Solar Concentrator of 2.3 m size was also used for (a) boiling Amla (Indian Gooseberry) for different applications The International Solar Energy Society (Anon 2011) showcases a number of stories as discussed in section (vi) where solar energy was used with some success for a variety of food and forest produce processing. Similarly, day-to-day cooking meals for large population are reported both in India and elsewhere using solar collectors. One of the impressive examples is the kitchen of the Brahma Kumaris Ashram (Fig. 4) . Through the installation of 84 Scheffler Reflectors of 10 m 2 each, steam is provided to cook a maximum of 38, 000 meals a day at the centre of Brahma Kumaris in Abu Road, Rajasthan. Similar large scale solar energy cooking operations have been installed and currently operated at other pilgrimage centers in India such as at Tirumala-Tirupathi Devasthanam, Tirupathi, Andhra Pradesh and Shirdi Sai Baba Temple in Shirdi town, Maharashtra, where large scale free meal distribution is a common daily practice. On a different continent, Müller et al. (2009) from Argentina reported Solar Baking ovens for community baking thus reducing possible massive deforestation happening in the Andes region.
Frito Lay and "sun" chips
Commercial viability of the role of solar energy in food processing is exemplified by the recent solar concentrator installation by Frito Lay for making its "sun chips" (Salerno 2008) . At its Modesto, Calif. manufacturing facility, Frito-Lay in collaboration with the California Energy Commission in 2008 inaugurated the five-acre solar concentrator field which includes 54,000 square feet of concave mirrors designed to absorb sunlight (Fig. 5) . The solar energy captured by the 384 solar collectors will generate steam that helps heat the cooking oil used in the Sun Chips manufacturing process. By utilizing steam in the manufacturing process, the facility is able to significantly reduce its use of natural gas, air pollution and greenhouse gas emissions and produce 145,000 bags of SunChips® snacks every day. By using the Solar Energy technology for the manufacturing of Potato chips, they could reduce 1.7 million pounds of CO 2 emissions every year. Modesto region recorded 306 days in the past year that were not cloudy or partly cloudy (Salerno 2008) . According to their web site (Frito Lay 2012) they reduced the electricity consumption by 22 % per bag, which was enough energy to power over 15,000 homes for a year and the goal is to run their Casa Grande, Arizona, USA plant which is located in a desert climate, eventually depending entirely on solar energy.
Solar dryers
The process of drying is based on the fact that when air is heated, it's relative humidity decreases therefore is capable of picking up moisture from products of greater moisture when it passes through them. The Solar Dryers may be divided broadly into two classes based on the way the solar energy reaches the product from which the moisture is to be removed. Table 3 describes the classification of drying based on the source of energy used.
Tunnel and Chimney type solar dryers
Tunnel and Chimney type dryers can be used for drying various spices, fruits and vegetables such as turmeric, long melon, tapioca radish, banana, papaya, pineapple, maize, cooked rice, green leafy vegetables, cabbage, paddy and even meat apart from ginger and chillies. In a study reported by Sharma (2009) , the drying was successful and time required to bring down moisture level varied for each product However, the author reported hindrance like hail storm which damaged the solar dryer's polythene material and fans.
Solar cabinet dryer developed by SEED
A Solar cabinet dryer was originally designed in 1996 specifically for the benefit of 10,000 Tribal families who make a living by collecting Gum Karaya from the forests of Andhra Pradesh. At the time, The Tribal Development Corporation of Andhra Pradesh was very much interested in the development of a Dryer that would help dry Gum Karaya efficiently and add value. The newly developed solar dryer could reduce the drying time of gum karya to 2-3 days when open sun drying was taking 10-15 days and this new technology blended Solar Thermal with Solar Photovoltaic technologies (Ramakrishna Rao 2004). The project was initially supported by UNDP through a small grant.
The development of the commercial version of prototype and its use in making Mango Bars was subsequently funded by United Nations Development Programme (UNDP), Department of Science and Technology (DST), Government of India and Renewable Energy Project Support Office-United States Agency for International Development (REPSO-USAID) The dryer has been patented since (Mallavarupu Ramakrishna Rao 2007) .
Parts and construction of Solar Cabinet Dryer
The Solar Cabinet Dryer developed by SEED consists of a Stationary Chamber built of Stainless Steel with a top glass cover at a 20°slant for proper radiation impact. The product is placed in stainless steel trays which are loaded into the chamber from a front opening. The air inlets are placed at the bottom while the exhaust fans which are powered by the Photovoltaic cell panels, are placed slightly above the food trays, at the back of the chamber. Castor wheels are provided for easy mobility of the Dryer. Figure 6a (Ramakrishna Rao 2004) gives the details of the dryer parts and Fig. 6b depicts the process of drying through solar radiation and forced air circulation. The working principles of this dryer are: Food is placed in a closed container. Solar radiation is allowed to fall on food directly through a clear cover. Vents provide air flow Indirect solar dryer Fresh air is heated in a solar heat collector and passed through the food placed in a drying chamber. Thus the food is not directly exposed to solar radiation Mixed dryers Food is dried through direct sun as well as by hot air heated through a separate solar heat collector
Hybrid dryer Drying is done using Solar heat as well as conventional electricity, fossil fuel/biomass Fuel dryer Non-Solar; 100 % on conventional electric or fossil fuel Since the glass cover is not permeable to IR radiation, the heat is not allowed to dissipate through the top window, thus causing a "Green House" effect within the Chamber. 3. The heated air thus created inside the chamber, being lighter, travels up passing through the wet products placed in trays and carrying the moisture along from the product to the top space between the tray and the glass cover. 4. The hot air with moisture is continuously exhausted out from the chamber by the Solar Fans which are powered by the solar photovoltaic panels fitted above. 5. Thus the Solar Cabinet Dryer operates on dual power generated by single solar radiation i.e. solar thermal power inside the cabinet chamber and solar electric power outside through the solar photovoltaic cells, by way of exhaust fans. 6. Because of the forced air circulation created by the exhaust fans, moisture removal in SEED solar dryers is highly efficient. This results in shorter drying time, which is a highly desirable property in a dryer. 7. The chamber temperature reaches 15-30°C above the ambient temperature at the peak of radiation intensity. 8. The temperature inside the chamber can be read through a thermometer housed in the chamber and/or can also be monitored from outside through a digital display. 9. The more recent models of SEED Dryers have been fitted with a Thermostat for regulating the chamber temperature.
10.
It is thus considered a "Direct" Solar Dryer since the product is dehydrated by direct exposure to the solar radiation and it is accelerated by forced circulation. 11. The electric energy generated is radiation dependent and therefore varies throughout the day, proportional to the intensity of the solar radiation at the given time.
Some distinguishing features of SEED developed solar cabinet dryer are:
1. Because of the superior quality of the materials used for the construction of the cabinet, the dryer can be left outside throughout the year under all weather conditions, without the fear of rusting. 2. The chamber is fitted with coasters for easy movability. 3. It can easily be assembled and disassembled for transportation purposes. 4. It is modular and thus scalable. The current models range from 8 to 100 kg loading capacity. A 200 kg capacity dryer is being designed and under way. 5. Like all the solar powered dryers, SEED Cabinet Dryer is functional only during the day time therefore the drying is 'discontinuous.' or "intermittent". 6. The dryer needs no other auxiliary power source for its full functioning and therefore adds zero cost to the total drying process. 7. However, it is provided with electrical backup for continuous use if so desired or for any other emergency contingencies. 8. Because of the dual function-design which provides forced air circulation along with direct thermal drying, the dehydration process in SEED Dryers is highly efficient, capable of removing for example, 15 kg of water from a 50 kg sample.
A. Dryer with photovoltaic cells B. dryer parts and airflow in the cabinet Solar photovoltaic panels sit on top of the chamber directly above the fans to which they are connected. 7. A pictorial depiction of solar radiation on the cover glass and the solar photovoltaic cells; 8. Thermometer stand; 9. Castor wheels for movability; 10. Air molecules carrying moisture 9. This is accomplished through clean, green energy at no additional cost and without depending on conventional electric and/or fossil fuels, thus making the dryer environmentally friendly. 10. This last property alone makes it very attractive as a dryer of choice for rural, small scale food processing. 11. Because of its portability, it is also a choice tool for using the dryer in remote and/or rural areas where conventional energy supply is meager to nonexistent in most developing countries, including India. 12. The average efficiency of the dryer is around 90 %.
The approximate 10 % loss accounts for the loss of heat through the top glass cover surface inside and out (4-5 %×2).
SEED Solar cabinet dryer models and their technical features
Figure 7a-e shows various models of SEED Solar cabinet dryers. Model-SDM-8 (Fig. 7d) has a load capacity of 8 kg with two trays in two rows. The next is SDM-50 (Fig. 7c.) with a load capacity of 50 kg and has six trays in two rows. SDM-100 (Fig. 7b ) has 12 trays for handling 100 kg load at a time and Fig. 7a shows Figure 7e shows an SDM-8 with blue filter, a simulated shade drying condition, for drying leafy vegetables. The modular design of the dryer makes scalability easy. The most important requirement for installing the dryers is a south facing location with no shade. Table 4 lists the technical features of each of the models developed so far. Thus the SDM-8 (Fig. 7d) consists of two trays for loading the product with a single exhaust fan where as SDM-50 (Fig. 8c) is fitted with three exhaust fans and 12 trays in two rows. SDM-100 (Fig. 7B ) which has 100 kg loading capacity is created by joining two SDM-50 models. Figure 7a presents an array of SDM-50 and SDM-100 to provide a drying load of 350 kg at a time. Figure 7e depicts the dehydration of leafy vegetables under simulated shade drying conditions in a SDM-8 model.
Shade drying and UV reduction glass blue filter
A number of vegetables, especially leafy greens, spices, herbs and medicinal plants need shade drying to retain their nutrient value and other active components. Normal solar drying requires 65-70°C which is damaging to many sensitive nutrients. It has been possible to devise a blue glass filter (Fig. 8a) which could reduce total radiation by 40 % and UV radiation by 20 % thereby simulating shade drying (Fig. 8b) . This has been shown to improve the retention of nutrients like β-carotene (Bamji 2008) . The drying time required, however is longer under the blue filter conditions.
Applications of SEED Solar Cabinet Dryer for post-harvest food drying
Food and Agriculture Organization (FAO) recently (May 2011) released a study on 'Global Food Losses and Food Waste' which states that "in developing countries 40 % of losses occur at post-harvest and processing levels while in industrialized countries more than 40 % of losses happen at retail and consumer levels. Thus there is an immediate need to improve post-harvest processing of food products. The various steps involved in post-harvest processing may be divided into primary, secondary and tertiary. The primary post-harvest food processing such as washing, cleaning, grading, sorting are mechanized in large enterprises but are simple and can also be performed manually by small farmers for immediate sale or for further processing. Secondary food processing involves such processes as drying, dehulling, malting, roasting, and grinding of food grains, oil extraction, extrusion, preservation through pickling, jams, jellies, murabbas, sauces, purees, and beverages like juices, squashes, as well as fermentation and even baking. These involve steps such as pre-treatment with chemicals and addition of preservatives in order to achieve good organoleptic properties, retention of nutrients as well as greater shelf life and therefore value addition. Proper equipment and appropriate packing are also a part of this step. Some skill development and training is needed to achieve proper secondary processing. To date, SEED has developed over 60 products from various food groups using Solar Cabinet Dryer. Figure 9 summarizes the number of products developed in each category using SEED Solar Dryer. For example, 11 and 12 products were developed from fruit and vegetable groups respectively, 8 products from green leafy vegetables, 9 from spices class, 8 and 6 products respectively from forest and medicinal plant class, 4 from raw materials like refined wheat flour and the last 2 include non-edibles like silicon carbide and cellulose.
It is important to note that the pre-processing prior to dehydration for each group of the products listed is different. For example, the preparation of a Fruit Bar involves starting with the selection of the raw material, followed by preparation of the pulp, development of proper formulations and finally dehydration in the dryer. This will further be tested for proper shelf life after a desired packaging has been selected. The formulations are developed based on the initial and total and reducing sugar content as well as the acidity of the raw material. The product is also tested for the initial and final nutrient contents such as chlorophyll, vitamin-C and β-carotene and total protein so that optimal conditions can be set for minimal loss of nutrients during processing. Knowledge of initial and final moisture content of the product helps to determine the time needed for drying, the yield as well as the organoleptic properties of the product which are important in consumer acceptance of a product. Moisture is also the most important parameter which impacts the final shelf life of the product.
Over the last decade SEED R and D has been involved in developing a variety of products based on solar drying using locally available fruits, vegetables and other products for value addition. Tables 5, 6 , 7, 8, 9 and 10 lists the products developed at SEED R and D data on the initial and final moisture content of each product, cabinet temperature during drying, time taken to achieve the desired final moisture content and the final yield for each product based on the initial weight. The following section gives a brief description of preparation of a few sample products from the list using solar dehydration process. procedure for preparing a Fruit bar involves preparation of fruit pulp which is mixed with appropriate amount of sugar and glucose (to avoid sugar crystallization), pectin, citric acid and a preservative such as sodium or potassium metabisulphite. The formulated fruit pulp is spread in dryer trays at 7 kg/ m 2 and dried at 55-60°C cabinet temperature. Often, additional layers of the same fruit are added after the first layer is dried to obtain either thicker product as in mango fruit bar or a different fruit pulp such as guava is added on top of mango for better texture and taste. The average drying time to attain a 12 % final moisture content for a two layer Fruit bar is 16 Sunny hours (Ramakrishna Rao et al. 2005) . b. The resulting fruit bars have very good organoleptic properties such as appearance, color, flavor, taste and texture. When properly packaged, these fruit bars can have at least 10 months shelf life without losing any of their original properties. A typical fruit bar preparation contains information on formulation details (Table 11) , Drying time and the yield (Table 12 ) and finally analysis for a variety of parameters such as moisture, acidity, pH, total soluble solids, total sugars, reducing sugars, and browning index (Table 13) . A moisture content of 12-15 %, with an average pH of 3.5 and total soluble solids 75-90 % provide the final product with improved sensory properties like appearance, texture, taste, flavor and shelf life of up to 10 months.
Preparation of Fruit Bars and Fruit Slices:
Processing of vegetable products
Hybrid Bangalore variety tomatoes, fresh carrots high in solids but low in woody fiber are used for dehydration. The vegetables were washed thoroughly, blanched at 93°C in plain or in 2 % NaCl water for 3-4 min and sliced. Carrots were cubed before blanching. The sliced products were loaded at 5 kg/m 2 and dried in Solar Cabinet Dryers. The time taken for achieving 4 % final moisture was 10-12 h. Dried tomatoes (Fig. 11a ) and dried carrots (Fig. 11b) by this process retained their bright color. It is important to mention here the importance of these foods in wellness as well as in disease prevention. In a study conducted in the USA over a period of 4-5 years, researchers found an inverse association between total fruit and vegetable intake and head and neck cancer risk (Freedman et al. 2008 ). The association was stronger for vegetables than for fruits. Among the foods with strong inverse association for risk of head and neck cancer included tomatoes, carrots, dried beans, string beans, peas, apples, peaches, nectarines, plums, pears, strawberries and peppers. Fruits and vegetables, rich in potentially anticarcinogenic compounds, including carotenoids, fiber, folate, flavonoids, plant sterols, phenolic acids and vitamin C, have been considered to protect against head and neck cancer incidence.
Processing of green leafy vegetables
Curry leaves, gogu (roselle), drumstick and mint are most commonly available and consumed green leafy vegetables (GLVs) in most parts of India. They are also rich in micronutrients such as minerals especially Ca, Fe, β-Carotene and vitamin C (Table 14) (Kuhnlein 2003 , Gopalan et al. 2004 . Recent studies indicate that consumption of individual vegetable and fruit groups such as dark green leafy vegetables, cruciferous vegetables, carrots and tomatoes, banana, watermelon/papaya/ cantaloupe were all inversely and significantly related with breast cancer risk. Further, an inverse association was also observed for vitamin A, carotene, vitamin C, vitamin E, and fiber intake (Zhang et al. 2009 ). Thus processing of the GLVs for longer shelf life without losing the nutrient content will be of importance in providing valuable nutrients at low cost. Mature leaves such as curry leaves, gogu (roselle), drumstick and mint were removed from the stem and washed thoroughly in water and drained. The washed leaves were blanched for 60 s in a solution containing 0.1-0.2 % magnesium oxide at 90°C to retain the green color. The blanched leaves were spread in dryer trays at 5-6 kg/m 2 . The drying time is dependent on the initial moisture content of the leaves as well as the texture. Thus curry leaves dried in 8 h while gogu leaves took 15 h of drying at 55°C chamber temperature (30°C ambient temperature) to achieve a final moisture level of 4 %. GLVs such as drumstick leaves when dried under Blue Filter (simulated shade drying) retain higher β-carotene level (Bamji 2008) . Thus, powdered leafy vegetables when used as food additives and/or sprinkles during cooking, are a ready source of fresh flavors as well as rich source of 
Solar processing of spices and condiments
Fresh ginger is one of the most commonly used spice in Indian and many other cusines around the world. The dry powder of ginger is also used as a flavoring agent in curries, soups, as well as in baking and confectionaries. The process of making ginger powder does not involve any pre-treatment nor the addition of a preservative. Fresh raw ginger was soaked overnight in water to remove dirt. Outer skin was scraped with bamboo knife, cut into small pieces and coarse grounded and spread in Solar Dryer tray at 5 kg/m 2 . A drying time of 16 h was required to achieve 4 % final moisture. Dried ginger was ground to fine powder for packing. Dry ginger powder, apart from being a flavoring agent in cooking and drinks, is a very important component in many Ayurvedic medicinal formulations. More recent systematic studies are helping us understand the active ingredients and the biochemical mechanisms involved in the emetic (Abdel-Aziz et al. 2006 , Sang et al. 2009 ) as well as anti-inflammatory and anti-cancer properties in fresh as well dehydrated ginger. Studies reported by Nievergelt et al. (2010) indicated that at least some of the properties exhibited by ginger may have something to do with the binding of its active ingredients to serotonin-receptors.
Solar processing of forest produce for value addition
Indian Goosberry (Emblica officinalis) and Phyllanthus emblica more popularly known as Amla are grown in abundance in many parts of India. Amla fruits are edible and are widely consumed as pickles and murabbas. The fruits are a rich source of vitamin C (Gopalan et al. 2004) . All parts of the plant are used Ayurvedic and Unani medicines. Amla is used for making hair oils and as well as in many Ayurvedic Formulations. Its high tannin content function as mordent for fixing dyes in textile industry. For preparing Amla powder, the fresh fruits were blanched at 90°C for 1 min and cooled quickly, pitted, crushed, solar dried and powdered. The powder retained over 50 % of the original vitamin C content when dried under shade drying conditions Formulations for making Amla Supari or mouth freshner with solar dehydrated Amla has been developed in SEED R and D. Tables 5, 6, 7, 8, 9 and 10 lists the drying conditions of products processed in solar dryers.
Over 150 SEED Solar Cabinet Dryers of various capacities have been installed in 13 States in India including Andaman and Nicobar since the development of the dryers. These are being used for processing of fruits and vegetables, dehydration of medicinal plants, drying of fish and other marine products. Through collaborations with educational institutions and other NGOs, it has been possible to expand and disseminate the concepts of clean and green energy utilization, income generation through safe, solar food processing, all with an eye on protecting the environment and reducing pollution.
Quality assessment of solar dried food products
The quality of solar dried products is assessed for physical, chemical/nutritional and microbial properties. The extent of changes in each of these parameters during drying depends on processes and steps taken during the preparation of the product for dehydration.
Physical parameters
Structure, case hardening, collapse, pore formation, cracking, rehydration properties, caking and stickiness are some of the physical parameters that are studied. These have influence on the quality of final dried products. A number of factors influence these parameters during drying process. For example hot air drying destroys cell structure causing more time for rehydration of the product where as freeze drying keeps the cell architecture almost intact (Saguy et al. 2004 ). Pretreatments such as immersion into Each formulation in this example also contained 2.325 kg sugar (25 %), 0.93 kg liquid glucose (10 %), 9.3 g potassium metabisuaphite (0.1 %), 9.3 g pectin ((0.1 %) and 18.6 g citric acid (0.2 %) In each case initial weight was 12.592 kg, drying time 20 h, ambient temperature 33-37°C and cabinet temperature 42-53°C alkaline or acidic solutions of oleate esters (Salunke et al. 1991) or osmo-dehydration before drying create more porous structure therefore better rehydration property with only a minor effect on product quality (Sunjka and Raghavan 2004) . SEED developed methods for making solar dehydrated figs using pretreatments such as immersion into alkaline or acidic solutions of oleate esters with good success.
Similarly, apple, banana, potato and carrots dried under air, vacuum and microwave had extensive browning whereas freeze drying seemed to result in products with better color characteristics (Krokida et al. 2001) . Textural changes occur due to chemical changes of cellular components of fruits and vegetables such as degradation of pectin, gelatinization of starch and/or structural alterations in cellulose like crystallization (Krokida et al. 2001) . Similar systematic studies for solar dehydrated products should be conducted for design improvements and better quality product output. Currently, experience in the conventional processing techniques has been providing guidelines for solar dehydration process development and product quality.
Chemical/nutritional parameters
Color loss, change of flavor, browning and rancidity (lipid oxidation) are some of the changes that occur in processed foods during drying and storage. Browning reactions can be categorised as enzymatic and non-enzymatic (Salunke et al. 1991) . Enzymatic browning of foods is undesirable because it develops undesirable color and produces off flavor. Heating, sulphur dioxide or sulphites and acids are used to control enzymatic browning, though they are known to destroy vitamin B (thiamine). Dipping in citric acid/phosphoric acid/ascorbic acid solutions can inhibit enzymatic browning in fruits during osmosis. Solar dried products developed at SEED R &D currently incorporate metabisulphite, ascorbic acid or citric acid in the formulation to prevent browning as well as improve shelf life.
Lipid oxidation is responsible for rancidity, development of unacceptable flavors, and loss of fat-soluble vitamins and pigments in many foods, especially in dehydrated foods. Factors that influence the oxidation rate include moisture content, type of substrate (fatty acid), extent of reaction and oxygen content. Most fruit and vegetable products developed by solar dehydration/drying are pretreated with proper antioxidants such as ascorbic acid in their formulations and improved packaging (under reduced oxygen) have been found to be helpful in minimizing rancidity.
Fruits, vegetables and their products in the dried form are good sources of energy, minerals and vitamins. However, during the process of dehydration, there are changes in nutritional quality (Sablani 2006) . A more number of vitamins such as A, C and thiamine are heat sensitive and sensitive to oxidative degradation. Sulphuring can destroy thiamine and riboflavin while pre-treatments such as blanching and dipping in sulphite solutions reduce the loss of vitamins during drying. As much as 80 % decrease in the carotene content of some vegetables may occur if they are dried without enzyme inactivation. However, if the product is adequately blanched then carotene loss can be reduced to 5 %. Steam blanching retains higher amounts of vitamin C in spinach compared with hotwater blanching (Ramesh et al. 2001) . Blanching in sulphite solution can retain more ascorbic acid in okra (Inyang and Ike 1998) . Sodium metabisulphite treatment was able to reduce oxidation of carotenoid in carrots and L-cysteine-HCl help in Table 13 Physico-chemical quality characteristics of fruit bars from apple (A), banana (B), plum (P) and strawberry (S) mixed fruit bars prepared using solar cabinet dryers Tomato slices Carrot cubes retaining highest amount of ascorbic acid (Mohamed and Hussein 1994) . SEED is currently conducting a systematic investigation on the rate of nutrient loss/retention under various solar drying conditions including simulated shade conditions for a variety of produce such as fruits, vegetables, green leafy vegetables and forest produce. Continued investigation will eventually replace the sulfites with safer additives for better preserving color, prevent rancidity and minimize microbial contamination.
Microbial parameters
By controlling moisture level (water activity, a w ) and the pH, microbial growth can be controlled but does not result in a sterile product. Similarly blanching can reduce the microbial load but cannot eliminate spore forming organisms. The heat of the drying process reduces total microbial count if not eliminate completely. The type of microflora present in dried products depends on the characteristics of the products, such as pH, composition, pre-treatments, types of endogenous and contaminated microflora and method of drying. (Pathogenic bacteria cannot grow below a w of 0.85-0.86 but yeast and mould can. Solar dried fruit and vegetable products are routinely tested for microbial load and are found to be within the allowed safe limits. This is further supported by the ability to obtain long shelf life for these products.
Solar drying and rural employment
Pilot projects conducted at Chennai, Thiruvananthapuram and New Delhi for self help groups concluded that an investment in a solar dryer provides an ideal source of income generation for poor women by producing value added products (Balakrishnan and Banerjee 2006) . The SEED solar cabinet dryers are being used by women in Haryana for making fruit bars from fruits grown in their farms.
Conclusion
Solar energy based technologies are currently playing an important role in food processing. However, at present their use is limited to micro-to small-scale processing. The feasibility of using them on large scale can and should be studied and is the goal of future studies. Solar dehydration/ drying is as effective as the mechanized equipments and offers an alternative at low or no cost. Evidence exists for improved nutritional and medicinal quality through Infra Red (IR) drying of fresh produce such as herbs. Paakkonen et al. (1999) have shown that IR drying improves the quality of herbs. Zbicinski et al. (1992) investigating convective air drying and IR drying, have suggested the use of an intermittent irradiation drying mode coupled with convective air drying is best for heat sensitive materials. Similar findings have also been reported by Carroll and Churchill (1986) , Dostie et al. (1989) and Kian and Siaw (2005) .
With changing life styles in India and elsewhere, there is a great demand for ready-to-eat (RET) foods that are also healthy and solar food processing can be a major contributor to meet such demand. Initial high cost of investment in solar gadgets, lack of confidence in the technology and scalability to large scale processing are some of the hurdles facing the wider use of solar energy in food processing. A limited number of governmental incentives that are currently in Apart from huge energy savings, reported big improvements in the quality of product should be substantiated with hard data. There is an urgent need to integrate the food processing industry with solar equipment developers (vice versa) through governmental, international agencies, as well as the expert bodies in these fields. Food processing is not only important in conserving the surplus harvest, but it is also a job creator. Studies show that food processing industry creates more jobs per every rupee invested compared to other industries like textiles. Food processing through micro-enterprises alone is not sufficient in bringing rural employment or to alleviate poverty. The construction of a stable and viable process-to-consumer chain tailored to fit the structure and needs of microenterprises is key to the success of small-and micro-enterprises which in turn help improve rural employment and standard of living down the line. A combination of solar gadgets rather than any single one will ultimately take care of major energy needs in food processing industry. This is already happening with considerable success. As India advances in these fields, it can offer simple affordable technologies round the world and share its experience. As the promise of reduced cost of photovoltaic and collectors is realized and as newer technologies become reliable and affordable, solar power generators may produce most of the world's electricity in the next 50 years, photovoltaic technologies and concentrated solar power together can become the major source of electricity dramatically reducing the emissions of greenhouse gases that harm the environment. Solar food processing will certainly be a beneficiary as well as a contributor in future.
